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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a polyamic acid soln. which is useful for producing a 
polyimide film of which the refractive index or thermal expansion coefficient can be controlled 
without detriment to the light transmittance and which exhibits a remarkably decreased 
birefringence by using a polyamic acid and fine silicon dioxide particles having specified particle 
sizes as the main ingredients and by adjusting the content of the particles. 

SOLUTION: Fine silicone dioxide particles having particle sizes of 0.5-50 nm, pref. 5-50 nm, and 
a polyamic acid, pref. a fluorinated polyamic acid [e.g. one prepd. by reacting 2,2-bis(3,4- 
dicarboxyphenyDhexafluoropropane dianhydride with 2,2'-bis(trifluoromethyl)-4.4'- 
diaminobiphenyl], are used as the main ingredients. The amt. of the silicone dioxide particles 
incorporated into a polyimide film is required to be 50 wt.% or lower in terms of mechanical 
strengths and to be 1 wt.% or higher in terms of controlling the properties. 
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CLMMS 



{Claim(s}] 

[Claim l) The silicon- dioxide particle content polyamide acid solution charactenzed by the 
particle size of • silicorr-dioxide particle being 0.5-50nm in the silicon-dioxide particle content 
polyamide acid solution which uses a silicon-dioxide particle and a polyamide acid as a principal 
component. 

[Claim 2] The silicon-<£oxide particle content polyamide acid solution according to daim 1 

characterized by a polyamide acid solution being a fhiorination polyamide acid solution. 

[Claim 3] The silicon-dioxide particle content polytmide film charactenzed by the particle size of 

a satcon-<fioxide particle being 0.5-5Own in the silicon-dioxide particle content polyimide fHm 

which uses a silicon-dioxide particle and polyimide as a principal component. 

[Claim 4] The silicon-dioxicie particle content polyimide film according to claim 3 characterized 

by polyimide being fluorination polyimide. 

[Claim S] The refractive-index control approach of the polyimide fibn characterized by blending 
the silicort-dioxide particle whose particle size is 0.5-50nm. adjusting the loadings into a 
polyimide fibn. and controlling a refractive index. 

[Claim 6] The coefficient-of-thermal-expansion control approach of the polyimide film 

characterized by blending the saicon-dioxide particle whose particle size is O.S-SOnm. ac^sting 

the loadings into a polyimide film, and controlling coefTicient of thermal expansion. 

[Claim 7] The birefringence reduction approach of the polyimide fibn (^aracterized by blending 

the silicon-dioxide particle whose perticle size is 0.5-50hm into a polyimide fibn, and reducing a 

birefringence. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Deacription of the InventiorO 
[0001] 

[rieU of the hvention] This invention rebtes to the polyimide ini^ecSent which can be used 
especiaBy for an optical application, and its property control about a new polyimide ingredient 
[0002] 

[Description of the Prior ArO Polyimide is used by polymeric materials excellent in thermal 
resistance as electronic inBredents. such as interiayer insulation films, such as LSI and a full 
key SHIBURU printed circuit board. It is the important point whether a semi- c onductor process 
can be suited for an electronic ingredient or a pewter process can be bome. t h erefore thermal 
resistance is an indispensable property. H can be said that application into an electronic 
ingredient is an application place by which the engine performance of polyimide excellent in 
thennal resistance is demonstrated without how. 

[0003] By the way. also in an optical material, the same demand as an electronic inpedient has 
been actualizing with pro|ress of an optical transmission system. For example, since 
compatibility with a semi-conduetor process is required of production of optical waveguide 
indispensable to an optical bill of materials and optical wiring and electric wiring are produced on 
the same aubstrste, pewter thermal resistance is also required of optical waveguide. As an old 
giant-moleeule optical material, although there are polymethylmethacryiste. a polycarbonate, 
polystyrene, etc., it does not have the thermal resistance wKch bears a pewter proceas. Since it 
excels in thermal resistance, the point polyimide is expectable also as an optic^ material. 
[0004] Although various engine perfbmtanee is required of polyimide when using polyimide as an 
optical material, especially light transmission nature, a refractive-index controllability, a 
coefRcient-of-thermal-expBnsion controllability, and low form bH^efringence are a property very 
important as an optical material. Light transmission nature is important especially when using 
polyimide as an optical propagation medium, a refractive-index controtlsbilrty — association of 
light — shutting up — etc. — it is important. Moreover, the coefTicient~of-thermal-expansion 
controllability is important in order to solve the problem by the stress generated by the 
di f f erence of coefRoient of thermal expansion with a substrate, for example, the camber of a 
substrate, adhesion depertdability, etc. Low form birefringence is stiD more important in order not 
to start the polarization dependency of an optic. 

[0005] Generally, polyimide presenta brown peculiar to p<^yimide and is inferior to light 
transmission rwture. It is [ that is not used for the optical applicstion untH now / biggest ] 
reasonable in being inferior to light transmission nature. The example of the polytmide which a 
report of some recently was beginning to be carried out about improvement in the light 
transmission natire of polyimide, for example, was excellent in 28 pages of SAMPE JOURNAL 
JULY/AUGUST- 1985 at light transmission nature is reported. Moreover, this invention persons 
clarify the fhjorination polyimide which was excellent in JP,3-72528 A at light transmission 
nature. About the refractiveHndex controllability, titis invention persons copoiymerized two kinds 
of fluorination polyimide by JP,4-8734A and are realized by acjjusting a fluorine content. 
Moreover, in JP.6-S1146A an electron ray is irradiated at fhiorination polyimide and it is shown 
clearly by controlling the exposure that a refractive index is controllable. About ooefTicient-of- 



thermal-cxpansion control, it has reported that Matsuura and others is realizable by 
copdymerizing the polyimide with a coefficient of thermal expansion smaO 28 419 pages - pages 
[ 423 ] of Macronoolecules pui>lished in 1 993. end polyimide with a big coefFtctent of thermal 
exparwion. About low form birefringence. Koshobu and others clarifies polyimide with a 
comparatively smaO birefringence at collection 44-volume 3 1 6 pages of drafts of the 44th 
Society of Polymer Science. Japan annual meeting. Thus, the light transmission nature and the 
refractive-index controllability which are demanded when using polyimide as an optical material, 
a coefRcient-of-thermaf-expansion ccvitrolUbility. and low form birefringence arc realized by 
some approaches. 

[0006] However, an oM approach can be applied only to specific polyimide. such as changing the 
chemical structu-e of polyimide itself, p er forming copolymeHzation. and irrscfiating an electron 
ray. or a complicated process also has troubles, such as need, present — if these engine 
perfonnance can be added by the simple approach using the polyimide of tiusirtess. it is expected 
that the applicability of an optical application is also expanded by leaps and boirtds. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the approach of 
making the light transmission nature and the refractiveHndex controllability which are required of 
the polyimide for optics, a coefficient-of-thermal-expansion controliability. and low form 
birefringence giving polyimide by the simple approach, and the in^edient for it 
[0008] 

[Means for Solving the Problem] In order that this invention persons may attain the 
aforementioned purpose, by bler>ding with polyimide the particle of the silicon dioxide which 
corrtrolled particle size, as a result of inquiring wholeheartedly, they find out that transparency is 
not spoiled but refractive-index control. coefRcient-of-thermal-expansion control, and reduction 
of a birefringofwe can be performed, and came to complete this invention. 
[0009] That is. invention of the 1st of this invention is a silicon-dioKide particle content 
polyamide acid sokrtJon. and is characterized by the particle size of a silicon-dioxide particle 
beirtg 0.5-5Own in the sHicon-dioxide particle content PORIA imido acid solution which uses a 
silwon-dioxide particle artd a polyamide acid as a principal component. 

[0010] Invention of the 2nd of this invention is characterized by being a silicon-dioxide particle 
content polyamide acid sokition according to claim 1 . and a polyamide acid solution being a 
fluorirtation polyamide ac»d solution. 

[001 1] Inventkm of the 3rd of this invention is a silicon-dioxide particle content polyimide film, 
and is characterized by the particle size of a silicorr-dioxide particle being O.S-50nm in the 
silicorr-doxide particle content polyimide film which uses a silicor>-dioxide particle and polyimide 
as a principal compor>ent 

[0012] invention of the 4th of this invention is characterized by being a siiicort-dioxide particle 
content polyimide film accortfing to claim 3. and polyimide being fluorinatk)n pol^mide. 
[0013] Invention of the 5th of this invention is the refractive-index control approach of a 
polyimide film, and is characterized by blerKiing the silicon-dioxide particle whose particle size is 
0.5-50nm into a polyimide film, actiusting the loadings, and controlling a refractive index. 
[0014] Invention of the 6th of this invention is the coefFicient'-of-thermal-expansion control 
approach of a polyimide film, and is characterized by blending the silicon-dioxide particle whose 
particle size is 0.5-50nm into a polyimide film. ac^stJng the kudings. ar>d controlling coefficient 
of thermal expansion. 

[001 5] invention of the 7th of this invention is the birefringence reduction approach of a 
polyimide film, and is characterized by blending the silicon-dioxide particle whose particle size is 
O.S-5(kim into a polyimKle film, and reducing a birefringence. . . 

[0016] 

[Embodiment of the bivention] Hereafter, it explains [ this invention ] in foil detail about the 
gestalt of the operation. 

[001 7] As the polyamide acid used by this invention, and polyimide, the polyamide acid and' 
polyimide which are manufactured from the tetracarboxylie add shown below, for example, or iU 
derivative and diamine are mentiorwd. bi addition, these polyamide acids, the impolymer of 
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polytmide, and mixture can also be used. 

[0018] The following is mentioned as tetracarboxylie acid md the acid anhydride as the 
derivative, an acid chloride, an esterifieation object etc. Here, the example as tetracarboxylie 

acid is given. 

[0019] Pyromellitic acid. JI (trifluoromethyl) pyromeilitic acid. (Trifkjoromethyl) JI (heptafluoro 
propyl) pyromellitic acid, pentafluoro ethyl pyromellitic acid. Screw [3 arvi 5-JI (trifkioromethyO 
phenoxy] pyromellitjc acid. 2. 3. 3'. and 4'-biphenyl tetracarboxylie acid, 3. 3'. 4. and 4'-tetra- 
carboxy dlphenyl ether. 2, 3', 3. 4*-tetra-carboxy diphenyl ether. 3. 3'. 4, and 4'-benzophenone 
tetracartwxylic acid, 2, 3, 6. 7-tetra-carboxy naphthalene, 1. 4 and S. 7-tetra-cartwxy 
naphthalene. 1. 4. 5. 6-tetra-carboxy naphthalene. 3. 3*. 4. and 4'-tetra-carboxy 
diphenyimethane. 3. 3'. 4, and 4'-tetra-carboxy diphenylsulfone, 2, and 2-screw {3, 4-dicarboxy 
phenyl) propane, 2 and 2-screw (3. 4-dicarboxy phenyl) hexafkioropropane. A 5 and 5'-screw 
(trifluoromethyl) -3, 3". 4. and 4'-tetra-cart>oxy biphenyl. A 2. 2". 5. ar>d 5'-tetrakis 
(trifluoromethyl) -3. 3'. 4, and 4*-tetra-C8ri>OKy biphenyl. 5 and 5'-screw (trifluoromethyl) -3. 3*. 
4, and 4'-tetra-c8rt)oxy diphenyl ether. A 5 and 5'-screw (trifluoromethyl) -3, 3'. 4, and 4'-tetra- 
carboxy benzophenone. Screw [(trifluoromethyl) dicarboxy phenoxy] benzene. Screw 
[(trifluoromethyl) dicarboxy phenoxy] (trifluoromethyl) benzene. Screw (dicartwxy phenoxy) 
(trifluoromethyl) benzene. Screw (dicarboxy phenoxy) screw (trifluoromethyl) beruer>e. Screw 
(dicarboxy pherwxy) tetrakis (trifluoromethyl) benzene, 3. 4. 9. 1 0-tetra-cart>oxy perylene. 2. and 
2-screw [4-<3. 4-dicart>oxy phenoxy) phenyl] propane. Butane tetracarboxylie acid. cyck>pentane 
tetracarboxylie acid. 2, and 2-screw [4-{3. 4-dicarboxy phenoxy) phenyl] hexafluoropropane, A 
screw [(trifkjoromethyl) dicarboxy phenoxy] biphenyl. A screw [(trifkioromethyl) dicart>oxy 
phenoxy] BISHI (trifluoromethyl) biphenyl. Screw [(trifluoromethyl) dicartwxy pherwxy] (fiphenyl 
ether, A screw (<£carboxy phenoxy) screw (trifluoromethyl) biphenyl. Screw (3. 4-dicarboxy 
phenyl) dimethyl siiane. 1 , 3-screw (3, 4-dJcarboxy phenyl) tetramethyl disiloxarve. h is difkioro 
pyromellitic acid, 1. 4-screw (3, 4-dicarboxy trifkiOro phenoxy) tetrafkioro benzerw, 1. and 4- 
screw (3. 4-bis-carboxy trifkioro pherx>xy) octafkjoro biphenyl etc. 

[0020] Also in these tetracartwxylic acid. 2 which has a fkiorir>e substituent 2-screw (3, 4- 
dicart>oxy phenyl) hexafkjoropropane, 1. 4-screw (3, 4-dicarboxy trifluoro phenoxy) tetrafkioro 
benzer>e. pyromellitic acid (trifkjoromethyl). JI (trifkioromethyl) pyromellitic acid, difkioro 
pyromellitic acid, etc. are 2 and 2-screw (3. 4-dicarboxy phenyl) hexafluoropropane and 1, and 4- 
screw (3. 4-dicarboxy trifkjoro phenoxy) tetrafkioro benzene desirable still mora preferably. 
[0021] As diamine, the following are mentioned, for example, m -ph en ylened i amirte. 2, 4-* 
diaminotokiene. 2. 4-diamirw xylene. 2. 4-diamino direne. 4-(1H. IK and 11H-eicosa fkioro 
undeca NOKISHD-1. 3-diaminobenzene. 4-(1H and 1H-perfhwro-1 -swine NOKISHD-1, 3- 
diaminobenzene, 4-<!H and 1H-perfkjoro-l-heptanoxy)-1. S-daminobenzerm, 4-<1H and 1H- 
perfkjoro-1-octanoxy)-1, 3-diaminobenzene. The 4-pentafluoro phenoxy -1, 3-diaminobefUene, 
4-(2. 3. 5. 6-tetrsfluoro phenoxy}-!. 3-diaminobenzene, 4-(4-fkJorophenoxy)-1, 3- 
diaminobenzene. 4-(1H. IH, 2H, and 2H-perfkioro-1-hexanoxy)-1, 3-diaminobenzene. 4-(1H. IH. 
2H, and 2H-perfluoro-1-dodeca N0K1SH1)-1. 3-diaminobenzene. P-phenylene diamine. 2, 5- 
diaminotohiene. 2. 3 and 5, e-tetramethyl-p-phenylefW diamine, 2, 5-(fiamino benzotrifkioride, a 
screw (ton fkjoro methyl) phenylenedianurte. Diamine tetrapod (trifluoromethyl) benzene, diamino 
(pentafhMro ethyl) benzene. 2. 5-dnmino ^erfkioro hexyl) beiuene. 2, 5*-diamino (perfluoro butyl) 
beittene. A benzidne, 2. and 2'-dimethyl benzidne. 3,3'-dBmethylbcnzidne. A 3 artd 3'-dmethoxy 
beruidine, 2, and 2'-dimethoxy benzidine. A 3. 3', 5. and 5'-tetramethyf benzi&te, 3, and 3 - 
diacetyl benzi<fine. The 2 and 2'-screw (trifluoromethyl) -4. a 4'-diamirw biphenyl. The 2 and 2'- 
serew (trifluoro methoxy) -4. a 4'-diafmno biphenyl. The oetafluoro benzicSne. 3, and 3'-screw 
(trifluoromethyO -4. a 4'-dianiino biphenyl. The 3 and 3'-screw (trifkioro methoxy) -4, a 4'> 
diamino biphenyl. 4 and 4'-<Samino d«»henyl ether. 4. and 4'-damino diphenybnethane, 4 and 4'- 
diaminodiphenyl sulfone. 2, and 2-serew (p-aminophenyl) propane. The 3 and 3'-(Smethyl -4, 4'- 
diamino (fiphenyl ether, 3, and 3'-dimethyl -4, 4'-dtamino diphenylmethane. 1. 2>screw (ANIRINO) 
ethane, 2, and 2-serew (p-aminophenyO hexafluoroproparte. 1, 3-screw (ANIRINO) 
hexafluoropropane. t. 4-serew (ANIRINO) ocUfluoro butane. 1. S-screw (ANIRINO) decs fluoro 
pentane. 1. a 7-screw (ANIRINO) tetra-deca fluoro hepUne. The 2 and 2'-screw (trifluoromethyl) 



-4, 4'-diamino diphenyl ether. The 3 and 3'-screw (trifkjoromethyl) -4. 4"-diamino diphenyl ether, 
3. 3'. 5. and 5'-tetrakis (trifluoromethyl) -4. 4*-diamino diphenyl ether. The 3 and 3'-screw 
(trifluoromethyl) -4, a 4'-cfiamino benzophenone. 4 ar>d 4"-diamino-para terphenyl. 1 . 4-screw 
(p-amimphenyl) benzene, p-screw (4-amino-2-trifkJOro methylphenoxy) benzene. Screw (amino 
phenoxy) screw (trifluoromethyl) benzerw. screw (amino phenoxy) tetrakis (trifkxiromethyl) 
benzene. A 4 and 4'"-cfiamino-p-quarter phenyl. 4, and 4'-screw (p-amirw pherwxy) biphenyl, 2 
and 2-screw [4-09-amino phenoxy) phenyl] propane, 4 and 4'-screw (3-emino phenoxyphenyi) 
<fiphenyl$ulforte. 2 and 2-screw [4-<4-amino phertoxy) phenyl] hexafkioroproparw, 2 and 2 s crew 
[4-(3-Bmino pherwxy) phenyl] hexafkioropropane, 2 and 2-screw [4-(2-amino phenoxy) phenyQ 
hexafluoropropane, 2 and 2-screw [4-{4-amino phenoxy)-3 and 5-dimethylphenyl] 
hexafluoropropane, 2 and 2-screw [4-<4-amino phenoxy)-3 and S-cfitrrfkjoromethyl phenyl] 
hexafkjoropropar>e. A 4 and 4"-screw (4-amino-2-trifluoro methylphenoxy) biphenyl. A 4 arKi 4*- 
screw (4-amino-3-trifluoro methylpherwxy) biphenyl, 4 and 4"-screw (4-amino-2-trifkjoro 
methylphenoxy) diphenylsulfone, 4 and 4'-screw (3-amino-5-trifk>oro methylpher>OKy) 
diphenylsulfone. 2 and 2-screw [4-(4-Bmino-3-tJTfkjoro methylphenoxy) pherryl] 
hexafluoropropane. A screw [(trifkioromethyl) amino pherwxy] biphenyl screw [[(trifkjoromethyl) 
amino pher>oxy] phenyl) hexafkjoropropane. Diamino anthraquinone. 1, 5-diamirw rwphthalene. 2, 
fi-diamirw naphthater>e. Screw ([2-<amino phenoxy) phenyl] hexafkioro isopropyl) benzene. The 
screw (2. 3. 5. 6-tetrafluoro-4-aminophenyl) ether, A screw (2, 3. 5. 6-tetrafluoro-4~ 
aminophenyl) sulfide, t, 3-screw (3-aminopropy1) tetramethyl disiloxane, 1. 4-screw (3- 
aminopropyl dimethylsilyl) benzene. There is a screw (4-amirKiphenyl) diethylsilane, 1. 3-diamirto 
tetrafkioro benzer>e. 1, 4-diamino tetrafkjoro benzerw. 4. and 4'-screw (tetrafkjoro amino 
pherwxy) octafkioro biphenyl etc. 

[0022] 2 whic^h has a fkiorirw sti)stituent also in such diamines, the 2'-screw (trifkioromethyl} -4. 
a 4'-diamino biphenyl. The screw (2, 3. 5. 6-tetrafkiOro-4-aminophenyl} ether, 2 and 2-aorew (p~ 
aminophenyl) hexafluoropropane, 1, 3-diamino tetrafkioro benzene. The 2 and 2'-serew (trifkioro 
methoxy) -4. a 4'-diamino biphenyl. The screw (2. 3. 5. 6-tetrafluorQ-4^aminophenyO ether etc. 
is desirable. They are the 2 and 2'-screw (trifkioromethyl) -4, a 4*-dwmino biphenyl, and the 
screw (2. 3. 5, 6-tetrafluoro-4-aminophenyl} ether still more preferably. 
[0023] in the potyamide acid obtained from above tetracarboxylie acid and diamirws. and 
polyimide. the so-called fluorination polyamide acid and fluorination polyimide with which the 
fkiorine-conuining substituent entered into what [ wliat is obtained from the cSamir>e which has 
the tetracarboxylie acid and the fluorirte substituent which have a fkiorine substituent ]. i-e.. a 
repeat struetwal unit are suitable from a damp-proof viewpoint Moreover, although it is suitable 
also from a viewpoint of light transmission rtature, it is especially suitable fixw 
viewpoint of an optical-communicstion wavelength field with a wsvdength of 1X>-1.7 



[0024] In order that the siKcon-cSoxide particle used for this inventmn may prevent dispersion (»f 
light and may give hi^ light transmission nature, its one where particle size is smaller is 
desirable. In consideratmn of the dispers3>ility of the range of 0.5-SOnm, especially a particle, I 
think that the range of 5-5(knm is suitable practical, the approach a particle size here generally 
presumes the particle size of a particle, and Bet known — the particle size defined using law is 



[0025] The approach of blemSng with a polyamide acid sokition or a polyimide sokition the 
solution which made the solvent wrfiich dissolves a polyamide acid and polyimide distribute a 
silicon-doxide particle as the combinatien approach of the polyamide acid sokition of a silicert- 
dmxide particle or a potyinede sokition can be used. As this example, the ORGANO siliea sol by 
Nissan Chemical Industries. Ltd. etc. can be used. Moreover, the approach of blerwSng a siiiccn- 
dioxide particle with a direct polyamide acid sokition or a polyimide sokition using a ball mid etc. 
can also be used. 

[0026] The kwdtngs of a siKcon-^xide particle may be freely changed with the vakie of the 
reflective irtdex made into an aim. or coefficient of thermal expansion. When the mecharueal 
strength of a polyimide film is considered, an upper limit is considered to be the need at least I 
wt% from a viewpoint of property control about 50wt%. 
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[0O27] Thus, in order to produce a fibn from the ediusted siiieen-fSoxide particle combination 
pdyainide mad solution or a polyimide solution, it is the ssine as that of the usual poiyimide film 
profkiction approacK and is good. For example, it is producible by the foliowing approach. A 
polyamide acid solution or • polyimide solutian is applied to uniform thickness with a spin coat 
method, a <fip method, etc. on substrates, such as silieon. It heaU after that for volatiSzation of a 
solvenL When using ■ polyamide acid solution, heating required for imideHzing b performed 



[0028] What is necessary is just to a<Sust the loadings of a silicort-dioxide particle simitarty that 
what is necessary is just to ecQust the loadings of a siiicon-dioxide particle in order to control 
the refractive index of a sflicon-dioxida particJe combinstjcn polyimide film, in order to control 
coefficient of thermal expansion. 
[0029] 

[Example] AHhough this invention is explained in more detail using, some exarr«)les below, this 
invention is not limited to these examples. 

[0030] 2 and 2-screw (3. 4-dicart>oxy phenyl) hexsfluoropropane 2 anhydrides (it is written as 
6FDA below}g [ 88.8 ] (0.2mlo) and 2. 2 -screw (bTfluorom ethyl) -4. and 4"-di«mino biphenyl (it 
outlines Following TFDB) 64.0g (0.2 mols) and lOOOg (it outlines Following DMAc) of N.N- 
denethylacetamide were added to the example 1 EHenmeyer flasK. This mixttre was stirred fbr 
three days at the room temperature under nrtrogerr-gas-stmosphere mind, and the 
concentration about 15 wt(s}% polyamide acid solution (it is wntten as 6 FDA / TFDB polyamide 
acid solution below) was obtained. 

[0031] 6F0A / 8.52g of obtained TFDB polyamide acid solutions, and 1.53g (ORtSANO silica sol 
DMAc-ST. Nissan Chemical Industries. Ltd. make) of silicon-<fioxide particle distribution 
sokitions which scattered the sil»cor»-dioxide particle with a partkde size of 1D-20nm to DMAc 
by 20wt(s)% were put into the glass container with a capacity of 100ml. it stirred at the room 
temperature for 24 hours, and the transparent and colorless silicon-<fioxide particle content 
polyamide acid solution was obtained. 

[0032} Next, this silicon-dioxide particle content polyamide acid solution was dropped at the 
silicon substrate with an oxide film, and it considered as the film of uniform thickness with the 
spin coat method Then, in oven, it heated at 160 degrees C by 70 degrees C f or 2 hours, this 
was heated at 350 degrees C by 250 degrees C for 1 hour for 30 minutes for 1 hour, imide- 
ization was performed, and the silicon-dioxide particle content polyimide film with a thickness of 
about 13 micrometers was obtained, this polyimide fifrn — a silicon-dioxide particle — 20wt{s)k 
— it contains. 

[0033] The measurement result of the light transmrttance of the obtwned s3icon-<fioxide particle 
20wt% content polyimide fBm. a refractive index, and coefTicient of thermal expansion b shonn in 

Table 1. 

C(X)34] The silicon-dioxide particle content polyamide acid sokition was produced so that it might 
become 10wt{s)% about the silicon-dioxide particle content of an example 2 silicon-dioxide 
particle content polyimide film, and the sHicon-dioxide particle content polyimide film was 
obtained like the example 1. 

[0035] The measurement result of the light transmrttance of the obtained silicorr-dioxide particle 
10wt% content polyimide film, a refractive index, and coefficient of themnal expansion is shown in 
Table 1. 

[0036] The silicon-dioxide particJe content polyamide acid sokition was produced so that it might 
become 5wt(s)% about the silicon-dioxide particle content of an example 3 silicon-cfioxide 
particle content polyimkie film, and the silicon-dioxide particle content polyimide film was 
obtained like the example 1. 

[0037] The measurement resuK of the light transmittance of the obtained silicon-dioxide particle 
5wt% content polyimide film, a refractive index, and coefficient of thermal expansion is shown in 
Table 1. 

[0036] The silicon-dioxide particle content polyimide film was obtairwd like the example 1 except 
having set particle size of an exampk» 4-6 sHkson^dioxide particle to 3(>-40nm. and having made 
these hMdings into 10wt% (example 5) and 5wt(s)K (example 6) 20wt(s)% (example 4). 
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[0051] (4) Coefficient of themial expansion can be controlled by changing the loadings of the 
silicon-dioxide particle whose particle size is t5-20nm. without spoiling the light transmission 
nature of a polyimide film. 
[0052] 

[Effect of the Enventk>n] The polyimide film produced using the silicon-dBoxide particle content 
polyamide acid solution of this invention as stated above can control a refractive index and 
coefficient of thermal expansion by adjusting the content of a silicorr-dioxide particle, without 
Spoiling light transmission nature. Moreover, the reduction effectiveness of a birefringence is also 
remarkable. 

[0053] In using the polyimide film of this invention as optical components, such as optical 
waveguide, there b an advantage with these simply producible by using these descriptions as 
welt as the refractive index and coefficient of thermal expansion of these optical comporwnts 
being controllable. 
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[0039] The measurement result of the light transmittance of the obtained silicon-dioxide content 
polyimide film, a refractive index, and coefficient of thermal expansion is shown in Table 1 . 
10040] The polyimide film which does not contain • silicon-tfioxide particle was obtained from 
6FDA / TFDB polyamide acid sokrtion produced in the example of comparison 1 example 1. 
[0041] The measurement result of the light transmittance of the obtained poiyimide film, a 
refractive index. ar»d coefficient of thermal expansion is shown in Table 1. 
[0042] In example of comparison 2 example 1. the siicorr-dioxide partksle 20wt\ content 
polyimide film was obtained Ifce the example 1 using the siKcorr-dioxide particle whoso particle 
size b 70-IOOnm. 

[0043] The measurement resuK of the light transmittance of the obtained polyimide film end a 
refractive index is shown in Table 1. 

[0044] fri example of comparison 3 example 1 . the sSicon-dioxide particle 20wt\ content 
polyimide film was obtairted I9ie the example 1 ustrtg the siiicort-dioxide particle whose particle 
size b SOCkwn. This film hardly penetrated light and measurement of a refractive index was not 

completed. 
[0045] 
[Table 1] 
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[0046] In addition, particle size is the vak^e defined using the Bet method. Loadings are weight 
[ of the particle in a polyimide film ] %. A refractive index is a vakie with a wavelength of 1 320rvn 
measia-ed by the prism coupler methtni. In addition, the electric field vector of the pobrizstion 
which carries out ir>cidefK:e to a refractive irH*ex TE is the refractive ir>dex of a directk>n parallel 
to a siiistrate front face, and a refractive ir>dex TM is a refractive index of the direction where 
plane of polarization is perpendicular to this. A birefringence is the difTerer*ce of a refractive 
index TE and a refractive irtdex TM. Light transmittance is a vakta with ■ wavelength of 500rwn 
measured using the spectrophotometer. Moreover, coefficient of thermal expansion was 
nf>easi*-ed using the apparatus for thermomechanical artaiysis. arxl was expressed with the 
average coefficient of thermal expansion of 50 degrees C - 300 dee^ees C. 
[0047] The folk>wing thing is clear from Table 1. 

[0048] (1) The light transmisskm nature of the polyimide film with which particle size blended the 
thing 70nm or more to the light transmittance as the thing whose silicon-dioxide particle is not 
blerwled with the light trartsmission nature same [ the polyimide film which bler>ded that whose 
particle size of a silicon-dioxide particle is 1 5-20nm ] being shown is notably bad. 
[(X)49] (2) A refractive index can be controlled by changing the ktadings of the siiicor*-flioxide 
particle whose particle size b iS~2(km. without spoilirtg the light transmission nature of a 
polyimide film. 

[0050] (3) A birefringence can be reduced by chani^ng the loadings of the sXcort-cSoxide particle 
whose particle size b 15-2anm. without spoiling the Ught transmission nature of a polyimide fihn. 
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Abstract 



PROBLEM TO BE SOLVED: To obtain a polyamic acid soln. which is useful for producing a polyimide 
film of which the refractive index or thermal expansion coefficient can be controlled without detriment to 
the light transmittance and which exhibits a remarkably decreased birefringence by using a polyamic 
acid and fine silicon dioxide particles having specified particle sizes as the main ingredients and by 
adjusting the content of the particles. 

SOLUTION: Fine silicone dioxide particles having particle sizes of 0.5-50 nm, pref. 5-50 nm, and a 
polyamic acid, pref. a fluorinated polyamic acid [e.g. one prepd. by reacting 2.2-bis(3,4-dicarboxyphenyl) 
hexafluoropropane dianhydride with 2,2'-bis{trifluoromethyl)-4,4'-diaminobiphenyl], are used as the main 
ingredients. The amt. of the silicone dioxide particles incorporated into a polyimide film is required to be 
50 wt.% or lower in terms of mechanical strengths and to be 1 wt.% or higher in terms of controlling the 
properties. 
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